Omalizumab, an anti-IgE monoclonal antibody, is indicated for the treatment of severe asthma. A longitudinal (pre-/post-intervention), observational, analytical study was conducted to assess the clinical and functional course of patients with uncontrolled severe asthma, 16 weeks before and after treatment. Asthma was controlled in 17 cases (p = 0.00001). Exacerbations were reduced by 48.5 % (p = 0.009) and severe crises, by 100 % (p = 0.001). Before omalizumab treatment, 16 patients (94 %) had exacerbations, whereas 10 (59 %) had them after treatment (p = 0.005). None of the patients was hospitalized (p = 0.007). The dose of inhaled corticosteroids was reduced by 20 % (0.002); the number of patients using continuous oral corticosteroids (p = 0.01), salbutamol (p = 0.001), and oral corticosteroids (p = 0.003) also decreased. Pulmonary function was not affected. Two patients had mild adverse reactions. Omalizumab achieved an adequate asthma control in patients with severe asthma. Key words: asthma, child, omalizumab.
INTRODUCTION
Asthma is the most common chronic disease in pediatrics, with a high prevalence and morbidity. 1, 2 In Latin America, half of asthma patients are not adequately controlled. 3 In Argentina, asthma causes more than 400 deaths yearly -10 % in patients aged 5-39 years-and more than 15 000 hospitalizations. 4 This occurs in patients with severe asthma (SA) who, although they account for only 5-7 % of all asthma patients, are a very vulnerable group. [5] [6] [7] Children with SA have severe e x a c e r b a t i o n s a n d f r e q u e n t hospitalizations; they seek emergency care 15 times more and are hospitalized 20 times more than those with mild to moderate asthma. 5, 8 Usually, clinical control is achieved with very high doses of inhaled corticosteroid (ICS) in association with long-acting beta 2 agonists (LABA) and montelukast or continuous oral corticosteroids (COCS), at risk of adverse events. The Argentine Asthma Consensus and the Global Initiative for Asthma (GINA) have recommended new therapeutic strategies, such as monoclonal antibodies (mAb), to control asthma and reduce ICS and COCS use. 15, 16 SA management may take up to 29 % of a family income. 17 Considering the high cost of mAb, it is necessary to carefully assess their usefulness, especially in countries with limited financial resources like Argentina. This study was designed to assess the clinical and functional course of patients with uncontrolled SA under treatment with omalizumab.
POPULATION AND METHODS
This was a prospective, longitudinal (pre-/ post-intervention), observational, analytical study to analyze the usefulness of omalizumab treatment in patients with SA with follow-up under the Health Care Program for Children with Severe Asthma (Programa de Atención de Niños con Asma Grave, PANAG) of Hospital Garrahan. 5 All cases with uncontrolled SA who received treatment between August 2012 (initiation of omalizumab implementation at the hospital) and December 2017 were included. Patients who missed their follow-up visits were excluded.
The extent of control, the number and severity of exacerbations, hospitalizations, salbutamol and OCS use for exacerbations, COCS use, pulmonary function, and ICS dose reduction (25-50 % every 3 months) were compared between 16 weeks before and 16 weeks after omalizumab treatment initiation. 2 To confirm the diagnosis and extent of control, patients were assessed in the PANAG for 6 months before omalizumab indication. Children from across Argentina attend the program every month or every two months. Their clinical course, the number and type of exacerbations, hospitalizations, medication use for the chronic condition and for exacerbations, and spirometry details are recorded. In case of an exacerbation, children attend the hospital's Department of Pulmonology or emergency department every day. They receive medication at no charge (fluticasone/salmeterol 250 µg/25 µg, montelukast) and participate in powerful education activities for the promotion of adherence and an adequate inhalation technique. Omalizumab is provided by the patient's social insurance program or managed care organization or by the National Ministry of Health. 5 All patients met the criteria for omalizumab indication: ≥ 6 years old, allergic asthma (IgE between 30 and 1500 IU/mL, positive allergy skin test), step 5 of asthma treatment according to GINA (≥ 800 μg budesonide or similar drug associated with LABA, anti-leukotrienes or COCS), and uncontrolled disease. [1] [2] [3] The extent of control was assessed using the asthma control test (ACT) before starting treatment and at 16 weeks of omalizumab. Values ≤ 19 indicated uncontrolled asthma. 18 O m a l i z u m a b w a s a d m i n i s t e r e d v i a subcutaneous injection with local anesthesia on the skin (lidocaine/prilocaine). This was done at the outpatient offices of the Department of Pulmonology by a trained nurse. Patients were monitored for 3 hours after the first 3 administrations and for 30 minutes after the rest. 15 The dose and frequency of administration (monthly or biweekly) were determined based on weight and IgE levels (30-1500 IU/mL). 7 Severe exacerbation was defined as OCS requirement for at least 3 days or hospitalization or visit to the emergency department; mild exacerbation was defined when the event lasted ≥ 2 days without OCS or hospitalization requirement, even if the patient visited the emergency department. 19 Pulmonary function was assessed using a Medgraphics spirometer (MGC Diagnostics). FVC, FEV 1 , FEV 1 /FVC and FEF 25/75 % were analyzed. All parameters were expressed in percentages. The theoretical values proposed by the Global Lung Function Initiative (GLI, 2012) were used. 20 The objectives of this study were explained to patients and their parents or legal guardians, who gave their consent for participation. The Ethics Committee approved the study.
STATISTICS
Categorical outcome measures were described as absolute and relative frequencies; continuous outcome measures, as mean and confidence interval/standard deviation or median and interquartile range. Categorical outcome measures were compared using the χ² test; continuous outcome measures, using Student's tests for paired data or Wilcoxon's test. P values ≤ 0.05 were considered significant. The Stata XIV software (Stata-Corp, College Station, TX) was used.
RESULTS
Out of 73 patients followed-up in the PANAG due to problematic SA, 33 were diagnosed with SA. 21 Of these, 17 (51.5 %) were treated with omalizumab. Omalizumab was not indicated in the remaining patients (n: 16) because IgE levels were out of range (n: 5) or they were younger than 6 years (n: 2) or had controlled asthma with high doses of ICS (n: 9).
The characteristics of the population are presented in Table 1 . All patients had been hospitalized due to asthma before follow-up in the PANAG; 10 (58.8 %) required admission to the ICU, and 7 of them (70 %), assisted mechanical ventilation.
Seven children received omalizumab every 2 weeks. The rest, every 4 weeks. Eight patients required 2 or more subcutaneous injections at each visit.
All patients had uncontrolled asthma at treatment initiation; 100 % achieved an adequate control after receiving omalizumab (p < 0.001) (Figure 1) .
The overall number of exacerbations was reduced by 48.5 % (35 and 18 events before and after treatment, respectively, p = 0.009), and the number of severe crises, by 100 % (23 and 0 events before and after treatment, respectively, p = 0.001).
Sixteen patients (94 %) had exacerbations before treatment, whereas 10 (59 %), after receiving omalizumab; the rate of reduction was 40 % (p = 0.005). The number of patients with severe crises reduced by 100 %: 10/17 patients before omalizumab, no patients after treatment (p = 0.0002). Likewise, the number of crises per patient reduced by 55 % (p = 0.002) ( Table 2) .
No hospitalizations were reported after omalizumab treatment (p = 0.007). Similarly, salbutamol (p = 0.001) and OCS use (p = 0.002) were also reduced. The dose of ICS was reduced by 20 % (207 µg, p = 0.002). Fewer patients required COCS (p = 0.01). Pulmonary function was not affected by treatment ( Table 2) .
Two patients had redness at the injection site; in one of them, it was associated with facial erythema. These events resolved with oral antihistamines.
DISCUSSION
This study assessed, for the first time, the effectiveness of omalizumab in a population of Argentine children diagnosed with SA.
The greatest impact of omalizumab has been demonstrated in terms of clinical control, exacerbations, and hospitalization. [12] [13] [14] [15] [22] [23] [24] [25] [26] The main outcome of this series was achieving total asthma control as referred by patients, as per the ACT. Different clinical trials in children have demonstrated the effectiveness of this drug in relation to the rate of exacerbations, with a smaller effect on symptom control, especially in children aged 6-11 years. [11] [12] [13] [14] In this series, 60 % of children were older than 11 years and, in all cases, asthma was adequately controlled. In relation to exacerbations, data from a recently published meta-analysis have shown a 65 % reduction in the number of events. 11 Likewise, other studies have observed a positive effect on exacerbations and hospitalizations in children after 1-2 years of treatment, with a 88.5 % reduction in hospitalizations. 22, 23 In this series, exacerbations decreased by 48.5 % and the rate of severe exacerbations, by 100 %. There were no hospitalizations or ICU admissions, which evidenced that this intervention was highly effective. These outcomes reinforce prior observations of a 43-50 % reduction in exacerbations in children with moderate to severe asthma receiving omalizumab treatment. 12, 13 Consistent with other series, the effect on crisis frequency was observed early, in the first 4 months of treatment. 24, 25 Similar results were observed in the region. 26 Another treatment benefit was its effect on OCS and ICS requirements. The lower use of OCS was, in general, an expected consequence of the significant reduction in the number of exacerbations, like the lower salbutamol requirement. The clinical relevance of the reduction in OCS use was noteworthy, given the morbidity associated with OCS use in pediatrics, especially when used continuously. In this series, like in others, omalizumab had a positive effect to reduce the number of patients receiving COCS; these were discontinued after 16 weeks in 4 out of 5 children and after 6 months of treatment in the remaining patient. 22, 25 The effects of omalizumab on the use of ICS have been studied. The extent of reduction in the dose of ICS varies depending on study design and patient severity. 14, [22] [23] In this series, in spite of the brief treatment period, it was possible to reduce the dose of ICS by 20 % in almost all patients. Similar results were reported after 1 year of treatment, which were more evident in patients with more severe asthma.
14 However, other series failed to demonstrate this effect or showed only a reduction of less than 5 %. 12, 26 Pulmonary function may predict a loss of asthma control. It has been proposed that FEV 1 < 60 % may be an independent risk factor for future exacerbations. 2 However, both in children and adults, a lack of association between symptoms and FEV 1 has been demonstrated. Likewise, there is a small correlation between pulmonary function and asthma severity. For this reason, a spirometry is not a parameter usually taken into consideration to assess the effectiveness of omalizumab. Some clinical trials have reported a modest, but not clinically relevant, improvement in FEV 1 after omalizumab treatment. 22, 23 In this cohort of patients with SA, as in others, spirometry parameters were normal or almost normal before omalizumab treatment, although asthma was not adequately controlled. 21, 26, 27 Pulmonary function was not significantly affected by treatment.
More than 85 % of children with SA are atopic, as defined by the high levels of serum IgE and positive skin tests to common aeroallergens. 28 Omalizumab significantly reduces the levels of free IgE and the high and low affinity IgE receptors expressed on basophils, mast cells and dendritic cells, thus preventing inflammatory mediator release. 29 Effectiveness is determined at 16 weeks based on quality of life questionnaires and exacerbations. IgE levels are not taken into account because free IgE levels cannot be assessed routinely yet. 15 The effectiveness reported in real life situation studies has been over 80 %, which is higher than that observed in clinical trials. 22, 23 As mentioned above, in this series, omalizumab was very effective considering that it controlled asthma in all cases and exacerbations decreased significantly. It is worth noting that the assessment of effectiveness at 16 weeks of treatment is consistent with its mechanism of action based on the reduction of free serum IgE to very low or undetectable levels, with a 97 % reduction in the expression of the high affinity IgE receptor on basophils at 90 days of treatment. 15 Similarly, effectiveness parameters reach a plateau as of this moment, although effects persist after 5 years of treatment. 30 The safety profile for omalizumab in children has been extensively assessed. 11, 22 In our series, no severe adverse events were recorded during the follow-up period. Pain and erythema at the injection site were the most common adverse events; no cases of anaphylaxis were observed, which confirmed its high safety profile.
Although patients with SA are a small part of the asthma population, they account for more than 50 % of asthma-related costs. The impact on health care resources has been clearly described. 17, 31 Although cost reduction was not an objective of this study, in all cases, the use of the health system was reduced, especially in terms of visits to the emergency department and hospitalizations after treatment.
Some methodological observations should be made. An advantage of this study is that data were collected in a clinical setting without interventions; therefore, results reflect the progress of patients that were not selected and treated in accordance with national and international asthma consensuses. Data were collected from the PANAG's monthly or bimonthly records with a standardized visit follow-up, which warranted the quality of assessed outcome measures. Although it cannot be ruled out that the observed improvement is partially related to the subcutaneous route compared to ICS, the population was made up of children with uncontrolled asthma, followed for many years in the PANAG, which included routine monitoring of treatment adherence. 5 Although the prevalence of SA is low, morbidity is very high due to its frequent severe crises. In this group of children, omalizumab treatment was effective because it reduced exacerbations and managed to control asthma in children who did not achieve SA control with traditional treatment options, which provided additional information to that published in other populations. n
